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Motivation
m Observation of lepton flavour violation in neutrino sector:

m Search for lepton flavour violation in the charged leptons
m Highly suppressed in the Standard Model
m — Striking signature for new physics

m New beyond the Standard Model (BSM) particles might decay
lepton flavour violating
m Little standard model background




Motivation
m Observation of lepton flavour violation in neutrino sector:

m Search for lepton flavour violation in the charged leptons
m Highly suppressed in the Standard Model
m — Striking signature for new physics

m New beyond the Standard Model (BSM) particles might decay
lepton flavour violating
m Little standard model background

Approach

m Search for resonances decaying with lepton flavour violation
m Z boson (— ep) 91 Gev

m Hboson (— et or ut) 125G

m BSM particles (— ew) few 100 GeV - multi TeV




Presented analysis

m Medium and heavy mass resonances decaying with lepton
flavour violation

m Personal selection of presented analysis

Some other CMS LFV analyses

m Search for lepton flavour violating decays of the Higgs boson to et and
ept in proton?proton collisions at /s = 8 TeV PLB 763C (2016) 472

m Search for heavy Majorana neutrinos in e*e® plus jets and e*u* plus
jets events in proton-proton collisions at /s = 8 TeV 1603.02248

m Search for displaced leptons in the e — p channel EXO-16-022

m Search for R-parity violating supersymmetry with displaced vertices
1610.05133

m Search for R-parity violating supersymmetry in dilepton channels
SUS-14-018



http://dx.doi.org/10.1016/j.physletb.2016.09.062
https://arxiv.org/abs/1603.02248
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-022/
https://arxiv.org/abs/1610.05133
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-14-018/index.html
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High rate

(HL) Trigger rate up to
1kHz

High resolution
e.g. muon pr
resolution < 8 % at
pr =1TeV

High efficiency

e.g. Hadronically
decaying tau
reconstruction and
identification
efficiency: > 55 % for
pr > 30 GeV
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m Very successful data taking over many years
m LFV Z decays: 2012, 8 TeV

m LFV BSM particle decays: 2015, 13 TeV

m LFV H decays: 2016, 13 TeV
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Analysis key points

m 2012 data set of up to 19.7fb " of proton-proton data at
Vs =8TeV
m Search for Z mass resonance
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Motivation
m Z — ep suppressed in the SM (BR < 4 - 10~%0)
m Clear signature for new physics (1" e orpe™)

Analysis key points

m 2012 data set of up to 19.7fb " of proton-proton data at
/s = 8TeV
m Search for Z mass resonance

Event selection
m Trigger: electron + muon (Er > 17 GeV and Et > 8 GeV)
m Particle flow identification/isolation criteria for electron / muon

m Veto other leptons, high pr Jets, mr(u, E%‘iss) < 60GeV,
p < 10GeV

m Selection efficiency: 6.6%
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Events / 3.00
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® Luminosity: 2.6%

Pileup: 3.3% (0.8%)

wpr scale: 2.9% (0.2%)

e Er scale: 3.1% (1.1%)
E%isst 0.6% (2.2%)

ep pr: 0.4% (1.1%)

PDF: 1.0% (1.0%)

N(MC events): 10.6% (1.2%)
Normalisation: 6.8% (3.3%)

Events / 3.00

Expected limit Observed limit
B(Z — en) < (6.7738).1077 || B(Z = en) <7.3-1077 J




Higgs-Boson
Introduction
Result
Interpretation

Mep = 1.9TeV






Basic idea

m Lepton flavour violating Higgs decay
m Two studied decays (H — et/ H — p1)
m Four final states (uty, pte, ety and ety)
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Analysis key points

m 2016 data set of 35.9fb~ ' of proton-proton data at /s = 13 TeV

m Two analysis methods: boosted decision tree (BDT) and cut
based (as cross check)

m Derive limit on BR and Yukawa couplings




Basic idea

m Lepton flavour violating Higgs decay
m Two studied decays (H — et/ H — p1)
m Four final states (uty, pte, ety and ety)

Analysis key points

m 2016 data set of 35.9fb~ ' of proton-proton data at /s = 13 TeV

m Two analysis methods: boosted decision tree (BDT) and cut
based (as cross check)

m Derive limit on BR and Yukawa couplings

Event selection
m Isolated lepton triggers (e or )
m Split analysis in production channels (nje; and/or Mj;)
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m Processes with prompt leptons (e.g. tt, Diboson and H — )
m Estimated from Monte Carlo simulation
m Corrected for known mis-modelling effects

m Contribution from misidentified leptons
m Estimated from collision data with inverted isolation
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Cut based analysis

m ph >26GeV and " < 2.4
mp>30GeVand n™| < 2.3
m Cut on My (1)
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Cut based analysis
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Cut based analysis
® pS > 26GeV and ¢ < 2.1
mp >30GeVand m™| < 2.3
m Cut on My (1) < 60 GeV
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m R-parity violating SUSY model (RPV v.)
® Quantum black holes (QBH)

m Decay to high mass ep pairs
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Motivation
m R-parity violating SUSY model (RPV v.)
® Quantum black holes (QBH)

m Decay to high mass ep pairs

Analysis key points

m 2015 data set of 2.7 fb ' of proton-proton data at /s = 13 TeV
m Search for high mass resonances

Event selection
m Dedicated high Ep/pr identification criteria for electrons/muons
m Final selection efficiency at My, = 1TeV: ~ 65% (similar for

QBH)
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‘ Systematic uncertainties
CMS  mm Wy . 3
Preliminary s Diboson —— QBH n=1,M=1000 GeV E | | Lum|n05|ty: 27%

single Top = RPV SUSY 1=0.01,M=800 GeV

- OY £ Total Une, ] m Normalisation: 5%

2.7 fb' (13 TeV)

B Wijets+QCD  —— Data

m upr scale: ~ 10%

m Top background shape:
~20%

m Total uncertainty:

m 15% at 200 GeV
m 31% at2TeV

Number of events
m Expected: 10379 £+ 1557

m Observed: 9608
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- OY £ Total Une, ] m Normalisation: 5%

2.7 fb' (13 TeV)

B Wijets+QCD  —— Data

m upr scale: ~ 10%

m Top background shape:
~20%

m Total uncertainty:

m 15% at 200 GeV
m 31% at 2 TeV

Number of events
m Expected: 10379 £+ 1557

m Observed: 9608
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scale gravity scenarios at the LHC
an a few TeV
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Z Boson (CMS PAS-EXO-13-005)
m Search for Z — ep decays

m Limit on the branching ratio B (Z — eu) < 7.3-1077

H Boson (CMS PAS-HIG-17-001)
m Search for H — et and H — pt decays

m Limiton B(H — et/ut) of < 0.61%/<0.25%
m Limit on LFV Yukawa coupling

L IRV |Ye'r|2 + |YTe|2 < 2.26- 1073
B /Yl + [Youl? < 1.43-1073

BSM particles (CMS PAS-EXO-16-001)

m Search for new high mass particles decaying to ep
m Limiton RPV: My_ > 1.0TeV for A = 0.01
m Limiton QBH: My, > 4.5TeV forn =6

at



http://cms-results.web.cern.ch/cms-results/public-results/publications/




ation in Z decays in pp collisions at sqrt(s)=8
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ting decays of the Higgs boson to ut and et
s =13 TeV.
-17-001, CERN, Geneva, 2017.

s and quantum black holes in the ey final
at /s = 13 TeV.
-16-001, CERN, Geneva, 2016.
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CMS Peak Luminosity Per Day, pp, 2016, Vs = 13 TeV
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BDT analysis

2016, 35.9 fb! (13 TeV)
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BDT analysis

2016, 35.9 fb! (13 TeV)

2016, 35.9 fb (13 TeV)
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